We examine the effects of the SEC mandated temporary suspension of short-sale price-tests for a set of Pilot securities. While short-selling activity increased both for NYSE and NASDAQ-listed Pilot stocks, returns and volatility at the daily level are unaffected. NYSE-listed Pilot stocks experience more symmetric trading patterns and a slight increase in spreads and intraday volatility after the suspension while there is a smaller effect on market quality for NASDAQlisted Pilot stocks. The results suggest that the effect of the price-tests on market quality can largely be attributed to the distortions in order flow created by the price-tests in the first place. Therefore, we believe that the price-tests can safely be permanently suspended. It's SHO Time!
we predict that the effect of short-selling activity on market quality will be smaller for NASDAQlisted stocks.
We find that the temporary suspension of short-sale price-tests affects short-selling activity for both NYSE and NASDAQ listed securities. For NYSE-listed stocks, there is no significant change in short-sale share volume or short interest, but short-sale trade size decreases significantly and short-sale trade frequency increases significantly for Pilot relative to Control stocks. In other words, NYSE short-sellers split their orders more as they switch from passive to more active trading strategies. Moreover, short sales relative to share volume on the NYSE increase significantly after the suspension of the price-tests. For NASDAQ-listed stocks, both short-sale share volume and the short-sale frequency increase significantly for Pilot relative to Control stocks. However, there is no evidence of increased order splitting for NASDAQ Pilot stocks. Short-sales relative to share volume increased significantly for Pilot relative to Control stocks. Thus, it appears that the suspension of the NYSE's Uptick Rule and NASDAQ's bidprice test did make it somewhat easier to execute short-sales.
We argued that NYSE's Uptick Rule causes short-sellers to engage in more passive trading strategies, which results in narrower spreads, lower volatility, higher ask-depth and a disproportionate amount of order flow executing above the mid-quote. Thus, we predict that the suspension of the Uptick Rule will significantly reduce the quote asymmetries and order flow asymmetries, and that it may result in wider spreads and higher short-term volatility. We also argued that the impact of short-sales on NASDAQ is smaller for two reasons: the bid-price test is not very restrictive and Archipelago and INET permit unfettered short-sales in NASDAQ-listed stocks. Consequently, we predict that the suspension of the bid-price test will have more limited impact on market quality for NASDAQ Pilots.
Indeed, we find strong evidence supporting our hypotheses. The relative bid-depth increases significantly for NYSE-listed Pilot stocks but there is no significant change for Control stocks. The buy order-imbalance declines significantly for Pilot stocks while it actually increases significantly for Control stocks. Relative to Control stocks, NYSE-listed Pilot stocks experience a slight but statistically significant increase in both quoted and effective spreads. Trade-to-trade returns are significantly more volatile for NYSE Pilot relative to Control stocks after May 2, 2005. However, there is no evidence of a disproportionate increase in downside volatility.
Lower frequency intraday volatility measures (5, 15 and 30 minutes) suggest that the increase in volatility for Pilot stocks relative to Control stocks disappears as returns are measured over longer intervals (30 minutes). Finally, variance ratio tests suggest that short-term volatility has increased relative to longer-term volatility for NYSE Pilot stocks compared to Control stocks.
As predicted, we find smaller differences between the changes in market quality measures such as quote asymmetries and spreads for NASDAQ-listed Pilot stocks relative to Control stocks. There is also no significant change in trade-to-trade volatility, or in mid-quote volatility at lower frequencies (5, 15, and 30 minutes), for NASDAQ-listed Pilot stocks relative to Control stocks. These findings are confirmed by variance ratio tests which show no significant changes for NASDAQ-listed Pilot stocks relative to Control stocks.
Throughout the paper, we conduct cross-sectional tests to examine how the suspension of price-tests affects less liquid stocks. While we do find evidence that the magnitude of the effects of the suspension of the Uptick Rule are in some cases larger for less liquid NYSE-listed stocks, we attribute this mostly to the fact that the distortions in order flow were more severe for stocks with wider spreads and lower price. The evidence on how suspending the bid-price test affects for small, less liquid NASDAQ-listed stocks is more mixed.
Our paper proceeds as follows. In Section I, we outline the short-sale rules for the NYSE and NASDAQ and develop our testable hypotheses. We describe the data in Section II. We test whether the level of short-sales changed significantly between the period before and after the suspension of price-tests in Section III. In Section IV, we examine the effect of suspension of price-tests on daily returns and volatility. Section V is devoted to testing for changes in market quality measures. In Section VI, we investigate whether intraday volatility increased for Pilot stocks. We discuss robustness tests in Section VII. Section VIII concludes. A short epilogue can be found in Section IX.
I. Testable Hypotheses
In this paper, we first test whether the actual form of price-tests used by the NYSE or NASDAQ constrain short-selling activity. Angel (1997) and Alexander and Peterson (1999) conclude that the Uptick Rule impedes short-selling activity on the NYSE by examining the fill rate of shortsale orders. viii We provide an alternative test of the effect of the Uptick Rule by examining the overall volume of short-selling after price-tests are lifted. In addition, we test whether NASDAQ's bid-price test impedes short-selling. If the applicable short-sale rules are restricting market participants from executing their desired trades, we predict that short-selling activity for Pilot stocks will increase significantly after the suspension of the price-tests. Of course, there could be a secular trend in short-selling activity, so we need to express our hypothesis relative to what happens to Control stocks for which there was no change in rules. Hence, our first hypothesis is that the suspension of price-tests will increase short-selling activity in Pilot stocks relative to Control stocks.
Much of the empirical short-selling literature focuses on how short-sale constraints affect stock prices and returns. Theoretical papers, such as Miller (1977) , Harrison and Kreps (1978) , Morris (1996) , Scheinkman and Xiong (2003) , and Duffie, Garleanu, and Pedersen (2003) , develop models where the presence of short-sale constraints and opinion divergence leads to overpricing and abnormally low subsequent returns. Empirically, the previous literature finds that stocks are sometimes expensive to short and that there is a link between short-selling and subsequent returns. D'Avolio (2002) , using a data from April 2000 through September 2001, reports that about nine percent of the stocks in his sample have loan fees greater than one percent per year. Jones and Lamont (2002) , Ofek, Richardson, and Whitelaw (2004) , and Cohen, Diether, and Malloy (2007) find that subsequent average returns are low for stocks that are expensive to short. Figlewski and Webb (1993) , Dechow et al (2001) , Desai et al (2002) , Boehmer, Jones, and Zhang (2007) , , and Asquith, Pathak, and Ritter (2005) find a negative relation between short-selling activity and subsequent returns. If short-sale price-tests helped push stock prices above fundamental value, then suspending them should result in negative returns. Hence, our second hypothesis is that the suspension of price-tests will be associated with lower returns for Pilot stocks relative to Control stocks.
The price-tests for listed stocks were developed by the SEC in the 1930s to prevent short sales from executing in declining markets (see, e.g., Jones (2003) ). The NASDAQ bid-price test is much newer, and was approved as a temporary rule by the SEC in September of 1994. ix If these price-tests are effective, they should dampen down-side volatility of returns. However, the literature has not generally found the rules to be effective. SEC (1963) finds that the Uptick Rule is ineffective at relieving pressure from short-sellers. Ferri, Christophe and Angel (2004) find no significant difference in the level of shorting activity during down-markets for NASDAQ stocks that are subject to the bid-price test (National Market stocks) and those (Small Cap stocks) that are not. Moreover, Jones (2003) finds that the introduction of the tick-tests has no effect on volatility at the daily frequency. For completeness, we re-examine the question of the impact of price-tests on volatility at the daily frequency. We hypothesize that if the price-tests were effective in reducing volatility, we should find that Pilot stocks experience a significant increase in volatility relative to Control stocks after the price-tests were suspended.
To develop testable hypotheses regarding the effect of price-tests on market quality measures, we rely on the specific form of the rules used by the NYSE and NASDAQ respectively. NYSE uses a tick-test to determine whether a short-sale is allowed, and short-sales are only allowed on a plus-tick or a zero-plus tick. A plus-tick occurs when the last sale price is above the price of the previous trade. A zero-plus tick occurs when the last sale price is the same as the price of the previous trade, but the most recent different price is below the last sale.
Whether a price is a plus-tick, zero-plus tick, zero-minus tick, or a minus-tick, is determined by comparing the price with the last sale on the NYSE.
x There are a few rare situations where the Rule permits short sales without regard to the tick-test. xi Generally speaking, NYSE specialists and option market makers and third-market market makers for NYSE-listed stocks are subject to the tick-test. However, there is an exemption (Rule 10a-1 (e)(5)) for a short sale by a market maker for his own account effected at a price equal to or above the last sale or effected at a price equal to that participant's most recent offer if the offer, when quoted, was equal to or above the last sale.
We hypothesize that the Uptick Rule significantly affects how short-sellers' orders are presented to the market. Specifically, the NYSE specialist has to ensure that an order is compliant with the Uptick Rule and he does so by relying on the display book software.
Whatever order-type (market or limit) the short-seller submits, the display book software adjusts the order so that it is compliant. Effectively, this means that short-sale orders are changed into non-marketable limit orders. Suppose that the last sale is at $28.05 on a plus-tick and the quotes are $28.00 to $28.05. If the short-seller submits a market sell order, the order cannot be executed at the bid ($28.00) because of the Uptick Rule. Instead, the order will be treated by the display book software as an effective limit order to sell at $28.05. Similarly, if the short-seller submits a limit order to sell at $28.03 (or anywhere below $28.05) the limit price will be changed to $28.05 before being displayed in the book. Note that the effective limit prices of short-sale orders have to be adjusted over time as prices move in such a way that they remain compliant. For example, if the following trade takes place at $28.00 then the short-sell limit order is cancelled and replaced by a new limit sell order at $28.03 (the original limit price). The new order will carry a time-stamp of the price change that triggered the adjustment to the order.
Similarly, short sale orders in NYSE-listed stocks that are routed to ArcaEx are altered by the system so that they are compliant with the Uptick Rule. To illustrate, suppose the market is at $20.00 to $20.03 and last sales are $20.00 followed by $20.03. A short limit sell order arrives to ArcaEx priced at $20.02. The Uptick Rule implies that the order cannot fill right away. Instead, ArcaEx would quote the short limit order at $20.03, because, with a last sale sequence of $20.00, $20.03, the lowest "tick" available for shorting is $20.03 (zero-plus tick). If the order didn't execute at $20.03, and the next trade was at $20.00, ArcaEx would move the short limit order back to its original limit price, since the order could now be executed at $20.02 (plus-tick). By contrast, INET's trading system simply rejects short sale orders in NYSE-listed stocks at prices that would execute at a "bad" tick.
As a result of how short-sale orders are handled by the main venues trading NYSE-listed stocks, we expect to see a disproportionate amount of limit orders on the offer-side of the market.
We also expect that a disproportionate amount of trades will occur above the mid-quote which results in buy orders exceeding sell orders on average (buy order imbalance) when trades are classified using the Lee and Ready (1991) algorithm. The Uptick Rule is also likely to produce narrower quoted (and possibly effective) spreads, and dampened short-term volatility, as shortsellers shadow the last sale to remain compliant with the rule. The suspension of the Uptick Rule permits short-sellers in NYSE-listed Pilot stocks to use more aggressive marketable orders. As short-sellers switch from being (forced) liquidity providers to demanding liquidity, their incentives to engage in order-splitting to pricediscriminate among liquidity-providers on the bid-side of the market increases. In addition, short-sellers are more likely to be perceived by other traders in the market as aggressive sellers and this implies that they are more susceptible to order anticipators. As a result, we predict that short-sellers will engage more heavily in order-splitting to reduce the price impact of their trades after the suspension of the Uptick Rule.
The usage of more aggressive marketable orders also means that the asymmetric patterns that we expect to see for NYSE-listed stocks will attenuate. Specifically, we predict that the suspension of the Uptick Rule will result in a reduction in the depth at the offer relative to the bid, a reduction in the buy order-imbalance, a widening of quoted and effective spreads and an increase in short-term volatility for NYSE-listed Pilot stocks relative to Control stocks.
NASDAQ uses a bid-price test to verify whether a short-sale is permitted (NASDAQ Rule 3350), and short sales in NASDAQ National Market Securities (NM) are not allowed at or below the (inside) bid when the current inside bid is at or below the previous inside bid. To execute a "legal" short sale in a NM security on a down-bid, the short sale must be executed at a price at least $.01 above the current inside bid. As of February 1, 2004, all market participants should use the NASDAQ (SuperMontage) inside bid to verify compliance with the bid-price test.
Registered market makers for a NASDAQ-listed stock, as well as market makers in options on this stock, are exempt from the bid-price rule when trading the stock. To illustrate, suppose again that the last sale is $28.05 on a plus tick and that the quotes are $28.00 to $28.05. A NASDAQ short-seller can place a marketable limit sell order at $28.00 and still be in compliance with the bid-price test as long as the most recent bid was $28.00 or below. Moreover, a short-seller can always place a limit sell order at $28.01 regardless of past bids and past trade prices. By contrast, as described above, on the NYSE the short-sale order would in this case enter the display as a limit-sell order at $28.05 which is 4 cents higher. Of course, a NASDAQ short-seller may also want to be more passive and place the order at $28.05 (or even higher), but the point is that he is not forced to do so by the rules. He has more freedom to choose the optimal limit price for his order than his NYSE counterpart. The only situation for which the price-tests are equally restrictive is if the last sale is at $28.00 on a down-bid and a down-tick. In this case, both NASDAQ and NYSE rules permit a limit sell order at $28.01. Thus, even though we expect to see some effect of the bid-price test on NASDAQ depth, order flow, spreads, and volatility, it is likely to be smaller than in the case of the NYSE. It follows that the suspension of the bid-price test should have a smaller effect on order-splitting, the depth at the offer relative to the bid, the buy-imbalance, quoted and effective spreads, and short-term volatility. Again note that all these predictions need to be evaluated relative to Control stocks.
Regulators have expressed concerns that small capitalization, less liquid and low priced stocks will be most adversely affected by the suspension of the price-tests. Less liquid stocks may be more vulnerable to the effects of more active short-selling since the order book is likely to be thinner. Low price stocks may also be relatively more affected by more active short-selling since a penny tick may be a more significant impediment to shorting for these stocks. At the same time, it is important to recognize that less liquid stocks tend to have wider spreads, and often also lower prices. To the extent that short-sale volume is still significant for less liquid stocks, we therefore actually expect the distortions introduced by the price-tests to be larger.
To see why, consider two NYSE-listed stocks L(iquid) and I(lliquid). Stock L has a spread of 1 cent and Stock I has a spread of 5 cents. Start by assuming that they both have the same bid-price, $30.00, and that last sale was at the bid on a down-tick. An aggressive shortseller in stock L (i.e., someone who would have submitted a market sell order absent the Uptick Rule) will have to place a limit order at $30.01 to be compliant. Since the quoted spread for stock L is 1 cent, this short-sale order will not affect the quoted spread. Similarly, an aggressive shortseller in stock I will place a limit order at $30.01 to be compliant. However, in this case the shortsale order narrows the quoted spread from 5 cents to 1 cent or from 16.67 to 3.33 basis points. We first match our sample of stocks with CRSP data, and calculate daily returns, daily trade-price range as (high t -low t )/high t , and volatility based on closing trade prices. We also calculate positive and negative semi-variances, which are computed as the average squared positive and negative returns respectively (Markovitz (1959) • quoted spreads (ask t -bid t ),
• relative quoted spreads (100*(ask t -bid t )/((ask t +bid t )/2)),
• effective spreads (I*2*(price t -(ask t +bid t )/2), where I=1 for buyer-initiated trades and I=-1 for seller-initiated trades), xix • relative effective spreads (100*I*2*(price t -(ask t +bid t )/2)/((ask t +bid t )/2), where I=1 for buyer-initiated trades and I=-1 for seller-initiated trades), • realized spreads (I*2*(price t -(ask t+5 +bid t+5 )/2), where I=1 for buyer-initiated trades, I=-1 for seller-initiated trades, and t is measured in minutes), • relative realized spreads (100*I*2*(price t -(ask t+5 +bid t+5 )/2)/((ask t+5 +bid t+5 )/2), where I=1 for buyer-initiated trades, I=-1 for seller-initiated trades, and t is measured in minutes), • quoted depth at the bid and ask,
• relative bid-depth (100*(bid-depth -ask-depth)/(bid-depth + ask-depth)),
• buy order-imbalance ((buy volume-sell volume), where trades are classified into buys and sells based on the Lee and Ready (1991) 
• relative buy order-imbalance (100*(buy volume-sell volume)/volume, where trades are classified into buys and sells based on the Lee and Ready (1991) 
• standard deviation of trade-to-trade returns (defined as log(price τ /price τ-1 ) where τ is trade time), • and, standard deviation of mid-quote returns (defined as log((ask κ +bid κ )/(ask κ-1 +bid κ-1 )) where κ represents 5, 15, and 30 minute intervals).
Quoted spread-measures are time-weighted whereas effective and realized spreads are weighted by share volume.
Our daily measures are computed based on all intraday trades and quotes in the TAQ data that are time-stamped between 10:00am and 4:00pm. The first half-hour is excluded to reduce the influence of the relatively noisy opening process.
xx Our results are qualitatively the same if market quality statistics are computed starting at 9:30am. We merge the trade with the inside quotes in effect at the time of the trade. All statistics are computed with reference to the National Best Bid and Offer (NBBO) quotes. The intra-daily NBBO is calculated by creating a complete order book (bid and ask-sides) of all quotes posted by any US market center for a particular stock, cumulating volume at each price level. We also download intra-daily data from all Self
Regulatory Organizations (SROs) that report short-sales for NYSE and NASDAQ-listed securities and compute the daily number of shares sold short both in absolute terms and as a fraction of daily share volume. We will call the latter relative short-sales. Daily share volume comes from CRSP. We obtain monthly short interest data from NYSE and NASDAQ, and shares outstanding from CRSP. Finally, the short-sale and short interest data is merged with the CRSP and the TAQ data. period separately. To test whether returns, volatility, and market quality measures changed significantly for Pilot stocks relative to Control stocks we need to take into account that there is likely to be significant cross-sectional correlation, as well as time-series correlation in the sample.
To deal with both these issues, we conduct our tests as follows. xxi We first compute the daily cross-sectional averages of each variable, and then run time-series regressions to test for changes over time for each sub-sample using a dummy variable that takes on a value of zero in the Pre period and one in the Post period. We account for potential serial dependence by computing Newey-West standard errors based on 20 day lags. The estimated coefficient on the dummy will be labeled "Diff" in the tables. To test whether a variable changes significantly for Pilot relative to Control stocks, we also use a time-series test. For each day, we compute the difference in the cross-sectional average variable between Pilot and Control stocks. We then run a time-series regression of this daily difference on an intercept and a dummy variable that takes on a value of zero for the Pre period and a value of one for the Post period. Again, we account for potential serial dependence by computing Newey-West standard errors based on 20-day lags. The estimated coefficients will be labeled "Diff-Diff" in the tables.
As mentioned in the hypothesis section, regulators have expressed concerns that less liquid stocks will be most adversely affected by the suspension of price-tests. To address this concern, we first rank all stocks within each sub-sample (NYSE Pilot, NYSE Control, NASDAQ Pilot, NASDAQ Control) based on a series of characteristics: end-of 2004 market capitalization (size), share price on February 2, 2005, volatility, and turnover. We then form equally-weighted quintile portfolios, and conduct our time-series tests of differences (Diff) between the Pre and the Post periods and test for differences-in-differences (Diff-Diff) between Pilot and Controls as described above. We formally test (F-test) whether the difference-in-differences is significantly larger for the first quintile compared to the fifth quintile portfolios using Seemingly Unrelated
Regressions (SUR).
Sample characteristics by market are summarized in Table II, There was no significant change in the average stock price for NYSE-listed or NASDAQ-listed stocks. However, we find significant changes in order flow for both samples. Hence, we find a significant increase in order-splitting for NYSE-listed Pilot stocks relative to Control stocks, but no similar changes in order flow for NASDAQ-listed Pilot stocks relative to Controls. In the next section, we explore whether this increase in order-splitting for NYSE-listed stocks is related to changes in short-selling patterns after the Uptick Rule was suspended in May, 2005.
III. Did Short-Selling Activity Increase for Pilot Stocks?
(2007), and ). However, the price-tests may still dampen overall short-selling activity. If that is the case, we expect to see short-selling activity increase significantly for Pilot relative to Control stocks after the price-tests are suspended.
We formally test for significant changes in short-selling activity in Table III . Shares sold short decreased for NYSE-listed Pilot and Control stocks between the Pre and Post periods, but the changes are not significant and there is no significant difference between the two samples.
Short-sale size decreases and short sale frequency increases significantly for NYSE-listed Pilot stock and the last column shows that these changes are significant for NYSE-listed Pilot relative to Control stocks. For NASDAQ-listed stocks, shares sold short increases significantly for NASDAQ-listed Pilot relative to Control stocks. The frequency of short-sales increases significantly for NASDAQ-listed Pilot relative to Control stocks, but there is no significant change in short-sale size. Hence, as predicted in the hypotheses section, we find that short-sellers in NYSE-listed stocks engage more heavily in order-splitting when trading without the Uptick
Rule. Order-splitting helps short-sellers price-discriminate among liquidity providers and avoiding order anticipators. By contrast, there is no evidence of increased order-splitting by short-sellers in NASDAQ-listed stocks after the suspension of the bid-price test.
Short-sale volume is highly positively correlated to overall trading volume in our sample, both in the cross-section and in the time-series. We found that share volume on average declined between the Pre and the Post period (Table II) , so even though short-sale volume did not increase significantly for NYSE-listed stocks, it may be rising significantly relative to overall trading activity. To test for changes in normalized short-selling activity, we compute relative short-sales defined as short-sale volume divided by total share volume. Relative short-sales increase significantly for NYSE-listed Pilot stocks and decreases (insignificantly) for NYSE-listed Control stocks. The last column shows that relative short-sales increase significantly by 1.81 percentage points for NYSE-listed Pilot stocks relative to Control stocks. For NASDAQ-listed stocks, there was a significant increase in relative short-sales for both Pilot and Control stocks and relative short-sales increase significantly by 1.59 percentage points for NASDAQ-listed Pilot stocks relative to Control stocks.
A commonly used measure of short-selling activity is short interest, which is the stock of shares sold short as reported by the exchanges around the middle of each month. Since these numbers are monthly, we only have three observations per stock in the pre and post periods respectively. Moreover, these monthly observations are unlikely to be independent. Hence, we cannot use our time-series methodology. Instead, we compute the average short interest for each stock in the Pre and the Post period, and do a simple (cross-sectional) pair-wise t-test of changes (2002) and Cohen et al (2007) ) predicts that short-selling will be less costly for these securities than for the average stock in each market, and hence it should not be surprising that we find a higher level of short-selling activity. In addition, Boehmer, Jones, and Zhang (2007) use NYSE SuperDOT data to capture short-selling activity.
In other words, they do not capture NYSE floor trading activity, nor do they capture short-selling in NYSE-listed stocks away from the NYSE, i.e., on Regional Exchanges, Third Markets, and
ECNs. Hence, it is quite likely that their numbers underestimate the overall short-selling activity substantially. xxii Finally, short-selling has been trending upward over time as more hedge-funds and other players with long-short strategies have entered the market.
IV. Daily Returns and Volatility
If price-tests curtail short-selling activity, theoretical models by Miller (1977) , Harrison and Kreps (1978) , Morris (1996) , Scheinkman and Xiong (2003) , and Duffie, Garleanu, and Pedersen (2003) predict that stock prices may exceed fundamental value. If that is the case, suspending the price-tests should cause stock prices for Pilot stocks to fall. The actual price reaction could take place at the announcement of the Pilot (July 28, 2004) or following the effective (event) date of the suspension (May 2, 2005). We examine both possibilities in Table IV .
We look at average daily returns from day t-2 to day t+2 around both the announcement and the effective date of the Pilot. Therefore, we run the following pooled regression of daily returns (in %) on announcement window and event window dummy variables and pilot stock interactions by exchange using the data from Price-tests were developed to prevent short sales from executing in declining markets. In other words, they were intended to limit down-side volatility. If the price tests were effective, they should have reduced volatility. Therefore, we expect that Pilot stocks will experience a significant increase in volatility relative to Control stocks after the price-tests were suspended.
We examine this question in Table V . For completeness, we compute several daily volatility measures based on both TAQ and CRSP data.
The intraday price range declines significantly for NYSE-listed stocks both based on CRSP trade price and TAQ quote data. By contrast, we detect no significant changes in volatility computed based on close-to-close or open-to-close returns for NYSE-listed stocks. We also compute positive and negative semi-variances (see Markowitz (1958) For NASDAQ-listed stocks, we only reject equality for the difference-in-difference across quintile portfolios in one single case (out of 28!): the relative increase in negative semivariance is larger for high volatility stocks compared to low volatility stocks. The difference-indifferences for the negative semi-variance is 0.013 for high volatility stocks compared to -0.011 for low volatility stocks (F-value=6.59).
Thus, the suspension of price-tests seems to have had a relatively limited impact on overall daily returns and volatility levels. As expected, to the extent that we see any evidence that the suspension of NYSE's Uptick Rule increase in daily volatility measures, it is concentrated primarily in small capitalization stocks, and to a lesser extent in stocks with low price and/or high volatility. By contrast, the evidence does not suggest that the suspension of NASDAQ's bid-price test is associated with daily volatility increase that are concentrated in small capitalization, low price, high volatility, or low turnover NASDAQ-listed stocks. Our results on daily returns and volatility corroborate the findings of two subsequent studies that use different samples and methodologies to study the Reg SHO Pilot. Alexander and Peterson (2006) V.
Market Quality
While we do not detect any significant changes in daily returns and overall volatility around the Reg SHO Pilot, the suspension of price-tests may affect higher frequency measures of market quality. We now turn to testing whether the suspension of price-tests for Pilot stocks is associated with significant changes in measures of market quality. In order for us to show that these asymmetries had something to do with the short-sale related price-tests, however, we also need to show that these asymmetries disappear for Pilot stocks but not for Control stocks after the suspension of the price-tests.
Panel A of Table VI shows that the relative bid-depth increases significantly for NYSElisted Pilot stocks from -11.41 to 0.11 percent. By contrast, relative bid-depth hardly changes at all for Control stocks. In other words, the asymmetry in the quote-depths disappears for Pilot stocks. Similarly, as hypothesized, the buy-imbalance relative to volume declines significantly for Pilot stocks from 9.58 percent to 1.34 percent. By contrast, the buy-imbalance relative to volume even increases significantly for Control stocks. The last column shows that the changes in quote and order flow asymmetries we observe for Pilot stocks are significantly different from those we observe for Control stocks. Hence, the evidence supports our hypothesis that the Uptick Rule produces significant biases in how short-sale orders are represented in the quotes and how short-sales execute relative to the mid-quote.
As mentioned in the hypothesis section, NASDAQ's bid-price test is less likely to significantly constrain the order-submission strategies of short-sellers and we predict that the effect of suspending the bid-price test on quoted depth and order flow will be smaller as a result.
Panel A of Control stocks and the magnitude of the difference-in-differences is small (-0.60) compared to the situation for NYSE-listed stocks (-9.52).
Recall that we conjectured in Section I that the price-tests, particularly the Uptick Rule, might not only result in quote and order flow asymmetries but might also result in artificially low spreads and dampened volatility. Consequently, we hypothesized that quoted and effective spreads will widen for NYSE Pilot compared to Control stocks in the Post period as the Uptick Rule is eliminated. In Panel B of Table VI we find a significant increase in NYSE basis point quoted spreads between the Pre and the Post period for Pilot stocks, but there is no significant change in other spread measures. By contrast, Control stocks experience a significant decline in effective and realized spreads. More importantly, the last column shows that all our spreadmeasures increase significantly for NYSE-listed Pilot relative to Control stocks after the suspension of the Uptick Rule. However, the magnitudes of the increases in spreads are relatively minor. For example, the increase in quoted spreads is 0.187 cents (0.910 basis points) and the increase in effective spreads is 0.161 cents (0.698 basis points).
As we explained in the hypothesis section, only to the extent that NASDAQ short-sellers were forced to use passive order submission strategies as a result of the bid-price test do we expect spreads to be narrower and volatility dampened in the Pre period. The lack of economically significant changes in the quote and order flow asymmetries for NASDAQ stocks in Panel A suggests that the effect of the bid-price test on spreads and volatility is smaller for NASDAQ-listed stocks. Consequently, we expect any effects of the suspension of the price-test to be more limited. Indeed, the results in Table VI show that spreads for NASDAQ-listed Pilot stocks did not change significantly. By contrast, basis point effective and realized spreads declined significantly for Control stocks between periods. Moreover, the last column shows that quoted cent spreads and all spreads measured in basis points for Pilot stocks increase significantly relative to Control stocks also for NASDAQ-listed stocks. As predicted, however, the magnitude of the increase in spreads is smaller than for NYSE-listed stocks. The increase in quoted spreads is 0.113 cents (0.625 basis points) and the increase in effective spreads is 0.045 cents (0.391 basis points).
To address the concern of regulators that less liquid stocks are more likely to be adversely affected by the suspension of price-tests, we proceed to investigate the effect of the suspension of price-tests on market quality for portfolios grouped by characteristics: size, price, volatility, and turnover. Moreover, we generally reject that the difference-in-differences in market quality are the same for the first and fifth quintile NYSE size-portfolios based on our F-tests (SUR analysis).
With the exception of the relative bid-depth and cent effective spreads, the effects of suspending the Uptick Rule on market quality are larger for small capitalization stocks. Since small capitalization stocks also have wider spreads, this is what we expect to observe. The results are weaker in the case of quintile portfolios sorted by price; only for basis point spreads do we find that low-price Pilot stocks are more significantly affected by the suspension of the Uptick Rule.
The F-tests also suggest that stocks in the high volatility and low turnover portfolios experience significantly larger difference-in-differences in most spread measures, but the evidence on quote and order flow asymmetries is more mixed.
Table VII also shows that the effect of suspending the NASDAQ bid-price test on market quality is less pervasive. While the magnitudes of the difference-in-differences in spreads are generally larger for small capitalization, low price, high volatility, and low turnover stocks, they are in almost no cases statistically significant. By contrast, large capitalization, low volatility, and high turnover (i.e., highly liquid) NASDAQ-listed Pilot stocks tend to experience a significant reduction in buy-imbalance and a widening of spreads relative to Control stocks.
These observations should be kept in mind when interpreting the results from the SUR analysis.
According to the F-test for NASDAQ-listed stocks reported in the last column of Table   VII , we reject that the difference-in-differences is the same across characteristic quintile portfolios in a few cases. For example, based on the SUR analysis, we reject that basis point quoted spreads are the same for small capitalization and large capitalization NASDAQ stocks.
After comparing the difference-in-differences for small capitalization stocks (1.70 basis points) and large capitalization stocks (0.23 basis points) this does not come as a surprise. However, since we cannot reject that the difference-in-differences for small capitalization stocks is significantly different from zero these results should be interpreted with caution. The evidence suggesting that low-price stocks experience a significantly larger widening of basis point spreads than high-price stocks after the suspension of the bid-price test is not subject to the same caveat.
In sum, there is only weak evidence suggesting that suspending the bid-price test will disproportionately affect spreads for small, less liquid NASDAQ-listed stocks. However, as expected, small capitalization, low price, high volatility and low turnover NYSE-listed stocks experience larger relative increases in spreads. Even in this case, the magnitudes are quite small, ranging from two to three basis points.
VI. Intraday Volatility
When the Uptick Rule was adopted by the Securities and Exchange Commission in 1938, the main concern was not that short-sellers would affect the asymmetry of trading, and perhaps not even that they would affect spreads. Instead, the main motivation was that regulators feared unfettered short-selling would produce significant volatility. The concern was that short-sellers would jump in when there was down-side momentum, thus exacerbating downward pressure in the market. We note that there is no empirical support for such behavior. Instead, Diether, Lee, and Werner (2007) find that short-sellers are on average contrarian, i.e., they sell short following positive momentum. Hence, instead of exacerbating volatility, they should have a tendency to reduce volatility. Consistent with this conjecture, we found no evidence of a significant increase in daily volatility measures (Table V) .
Nevertheless, both the SEC and the market participants have expressed concerns about the potential detrimental effect of suspending price-tests on volatility, particularly on down-side volatility. It is therefore important to provide a comprehensive picture of volatility during the sample period. Hence, we complement the daily volatility results with various measures of intraday volatility in this section. We start by computing the standard deviation of trade-price returns. Since price-tests were put in place to reduce the ability of short-sellers to sell in a declining market, we also calculate asymmetric semi-variances defined as suggested by Markovitz (1959) . xxiii These measures should help us detect any asymmetric effects of the suspension of price-tests on volatility, e.g., an increase in down-side volatility.
Trade-based volatility measures are quite noisy due to bid-ask bounce, and this problem is even worse for these very high frequency measures. It is possible that trade-based volatility measures fail to detect changes in short-term (down-side) volatility because trade-prices and quotes tend to move in small increments. This is particularly true on the NYSE which has a formal price continuity rule (NYSE (Rule 104.10(3), 1999)) which limits the NYSE specialists' ability to move quoted prices in discrete steps larger than the tick-size. To capture potential changes in volatility that were not detected by these high-frequency measures, but could nevertheless be economically important, we complement the analysis with mid-quote returns based on fixed (5-and 15-and 30-minute) time-intervals during the day. shows that the changes are significantly larger for Pilot than for Control stocks. However, since both the positive and the negative semi-variances increase significantly for NYSE-listed Pilot relative to Control stocks, we infer that the driving force is not an increase in down-side volatility.
Trade-based volatility measures decrease for NASDAQ-listed stocks whether or not the bid-price test is enforced, but the difference is only significant for Control stocks (overall and down-side volatility). Moreover, the last column shows that there is no significant difference in changes in trade-based volatility for Pilot stocks relative to Control stocks. In other words, there is no evidence that removing the bid-price test contributed to an increase in down-side volatility.
The results in Table VIII , Panel B, show that there is no significant change in 5 and 15-minute mid-quote volatility for NYSE-listed Pilot or Control stocks. Nevertheless, the last column suggests that mid-quote volatility measures increase significantly for NYSE-listed Pilot relative to Control stocks. At the 30-minute frequency, mid-quote volatility declines significantly for both Pilot and Control stocks, but there is no significant difference between the two samples.
By contrast, for NASDAQ-listed stocks, mid-quote volatility at the 5, 15, and 30-minute frequency declines significantly for both Pilot and Control stocks. Moreover, the last column shows that variances at the 5 and 15-minute (but not the 30-minute) frequencies increase significantly for Pilot relative to Control stocks. Thus, the removal of the price-tests seems to be associated with an increase in short-term volatility both for NYSE and NASDAQ Pilot stocks relative to their Controls.
To examine if less liquid stocks experienced a larger increase in intraday volatility we study the impact of the suspension of price-tests on short-term volatility for stocks grouped into quintile portfolios by characteristic in Table IX . For NYSE-listed stocks, trade-based volatility measures increase significantly for Pilot relative to Control stocks both for the first and the fifth quintile portfolios sorted by size, price, volatility, and turnover respectively. Thus, the effects of removing the Uptick Rule on trade-based volatility are pervasive. Moreover, as expected, the Ftests in the last column of each portfolio show that the difference-in-differences in trade-based volatility measures are significantly larger for small capitalization, low price, and high volatility NYSE-listed stocks respectively. However, there is no evidence that low turnover stocks experience significantly larger increases in trade-based volatility or in down-side volatility following the suspension of the Uptick Rule.
The picture is somewhat more mixed when it comes to mid-quote returns at the 5-, 15-, and 30-minute frequencies. Small capitalization stocks experience significant increases at all horizons, while large capitalization stocks actually show a decrease in mid-quote volatility and the difference-in-differences is even significant at the 5-minute frequency. The F-tests show that the difference-in-differences in quote-based volatility at all three frequencies are significantly larger for small capitalization stocks. For quintile portfolios by price (volatility) there is only a significant increase in mid-quote volatility for low-price (high volatility) stocks at the 5-minute
(5-and 15-minute) frequency. The F-tests suggests that the difference-in-differences in quote based volatility is significantly larger for low price and high volatility stocks at both the 5 and the 15-minute frequencies. Finally, the F-tests detect no significant differences-in-differences for quintile portfolios sorted by turnover.
For NASDAQ-listed stocks, the evidence is less clear. We generally only find significant positive difference-in-difference results for large capitalization, low volatility, and high turnover stocks. The only case where we see evidence of a significant difference-in-differences for stocks that are less liquid is for the portfolio of low price stocks. Moreover, according to the F-tests, only in the case of size-portfolios do we find a significant difference across quintile portfolios.
Specifically, small capitalization Pilot stocks experience a larger increase in trade-to-trade volatility and positive semi-variances relative to their Control stocks than in the case for large capitalization stocks. However, bear in mind the caveat that we mentioned in the previous section regarding relying on the F-test for inference when we cannot reject that volatility does not increase for Pilot stocks relative to Control stocks for either quintile portfolio.
There is no evidence of significant difference-in-differences in mid-quote volatility at the 5, 15, or 30-minute frequencies for NASDAQ quintile characteristic portfolios. Moreover, the Ftests show that we cannot reject that the difference-in-differences in these volatility measures are the same for the extreme quintile portfolios.
Our final volatility-test is a simple variance-ratio test as suggested by Lo and MacKinlay (1988) . We define the variance ratio of mid-quote returns as:
Variance Ratio = (σ 2 y-min returns *(x/y))/σ 2 x-min returns -1 (2)
Where, σ 2 z is a mid-quote return variance with the interval of z minutes and we assume that x > y. If returns are random walks this ratio should be zero. If there is excess short-term volatility, and x > y, (x/y) times the y-minute return volatility will exceed the x-minute return volatility. Hence, if the variance ratio is significantly above zero, there is excess short-term volatility (due to reversals). We calculate the five-to-fifteen minute, the five-to-thirty minute, and the thirtyminute-to-daily variance ratios for each stock over the Pre and Post periods respectively.
Because we want to relate short-term variances to daily volatility, we are unable to use our regular methodology. Instead, we first compute variance ratio over the Pre and Post period, and then compute cross-sectional average for the Pre and Post separately. These cross-sectional averages are reported under the columns, Pre and Post. We conduct pair-wise t-test for changes between the Pre and Post period, labeled Diff in Table X . Diff-Diff reports the difference-indifferences of variance ratios between the pilot and control stocks and its significance is marked based on conventional t-test of mean comparison.
There is generally a significant increase in variance ratios for both the NYSE-listed Pilot and Controls, but the difference-in-differences test show that the variance ratio increases for Pilot relative to Controls. In other words, NYSE-listed Pilot stocks experience more short-term volatility (reversals) after the suspension of the Uptick Rule. By contrast, there is generally a decline in variance ratios for NASDAQ-listed Pilot and Controls, and the decline is even significant for Control stocks. The last column shows that there is no statistically significant difference in the changes for NASDAQ-listed Pilot compared to Control stocks.
We repeat the variance-ratio tests for quintile portfolios by size, price, volatility, and turnover (not reported). The results suggest that the increases in short-term volatility for NYSElisted Pilot stocks compared to Control stocks at the 5-and 15-minute frequency come from small capitalization and low price stocks. For example, the difference-in-differences for the (5/30) minute variance ratio is 5.1 and 8.8 percent for small capitalization and low price stocks respectively. By contrast, changes for NYSE-listed Pilot stocks are not significantly different from Control stocks for large capitalization and high price stocks at 1.3 and 2.0 percent respectively. Generally, the difference-in-differences are significant for both extreme portfolios with NYSE-listed stocks sorted by turnover and volatility. By contrast, there is no evidence that variance ratios increase more for less liquid NASDAQ-listed Pilot stocks after the suspension of the bid-price test.
VII.

Robustness Checks
For robustness, we repeat all the tests in this paper with an alternative methodology. We run pooled cross-sectional time-series regressions of market quality measures on two dummy variables. The first dummy variable takes on a value of one if the stock is a Pilot stock and the date is during the Post period and zero otherwise. The second dummy variable takes on a value of one if the stock is a Control stock and the date is during the Post period and zero otherwise.
The difference-in-difference tests are based on the difference between these two dummy variables. We include stock-level and calendar-day fixed effects. To control for both serial correlation and cross-sectional dependence, we cluster standard errors by both date and by stock using the estimator suggested by Thompson (2006) . The results are very similar based on the alternative methodology, but on average the standard errors are slightly larger with fewer significant difference-in-differences as a result.
It is conceivable that there is a period of adjustment and confusion as traders get used to the new trading rules. While the adjustment is interesting in its own right, policy making should be based on permanent effects of rule-changes. We therefore also check the robustness of the results for market quality (Table VI) by excluding an adjustment period of two weeks before and after the effective date of May 2, 2005. Our findings for NYSE-listed stocks are not affected at all by excluding the adjustment period (not reported). However, for NASDAQ-listed stocks there is generally no longer a significant effect on spreads when the adjustment period is excluded. In other words, any effects on spreads of suspending the bid-price test on NASDAQ were shortlived.
As we have pointed out, market quality and volatility statistics vary significantly in the cross-section. For example, large capitalization stocks have narrower quoted and effective spreads than small capitalization stocks. Yet, the SUR analysis that we have used so far to test whether the absolute value of the difference-in-differences is larger for small capitalization than for large capitalization stocks. For robustness, we also conduct all the cross-sectional the SUR analysis based difference-in-differences expressed as a proportion of Control stock means.
While some results are slightly weaker with this approach, it does not change our overall conclusions.
VIII. Conclusions
We study the effect of short-sale price-tests on market quality in US stock markets. The NYSE Uptick Rule has a very different effect on the trading strategies of short-sellers compared to the NASDAQ bid-price rule. NYSE short-sale orders are treated as liquidity-supplying orders regardless of their submitted form (market or limit). By contrast, short-sellers in NASDAQ listed stocks use a more natural mixture of passive and aggressive orders.
Regulation SHO dictates that short-sale price-tests be suspended for a set of Pilot stocks starting May 2, 2005. We find that short-sales as a fraction of share volume increases significantly for both NYSE and NASDAQ-listed Pilot relative to Control stocks. However, there is no systematic evidence that short-sale share volume or short-interest increase significantly. Neither the announcement of the Pilot, nor the event itself is associated with a decrease in returns for Pilot relative to Control stocks. There is also no evidence of an increase in daily volatility for Pilot relative to Control stocks after May 2, 2005.
We find that the suspension of the NYSE Uptick Rule is associated with a large and significant reduction in the asymmetries of depth and order flow for Pilot stocks compared to Control stocks. It is also associated with a small but significant increase in quoted and effective spreads. By contrast, the suspension of NASDAQ's bid-price rule is associated with smaller changes in market quality.
Regulators have expressed concern about the effect of short-selling activity on volatility, particularly down-side volatility. We find that the suspension of short-sale price-tests is associated with a slight increase in short-term volatility for NYSE-listed stocks but detect no such change for NASDAQ-listed stocks. Variance-ratio tests also suggest that NYSE-listed Pilot stocks experience an increase in short-horizon reversals once the Uptick Rule is suspended.
There is no evidence of relative increases in reversals for NASDAQ-listed stocks. Finally, our evidence does not suggest that Pilot stocks experience an increase in down-side volatility relative to Control stocks.
We also test whether certain groups of stocks are more affected by the suspension of price-tests by forming quintile portfolios based on characteristics: size, price, volatility, and turnover. For NYSE-listed stocks, the evidence does suggest that small capitalization and lowprice stocks experience a larger increase in spreads and some volatility measures than high-price stocks. However, we argue that this is to be expected given that the effect of the Uptick Rule is larger for stocks with wider spreads and low price. For NASDAQ-listed stocks, the evidence instead tends to point to a larger effect on large capitalization, more liquid stocks.
Our evaluation of the Regulation SHO Pilot program suggests that the effect of the pricetests on market quality can be attributed to the distortions in order flow created by the price-tests in the first place. Therefore, we feel confident that both NYSE's Uptick Rule and NASDAQ's bid-price test could safely be permanently removed.
IX. Epilogue
The objective of this study was to carefully analyze the suspension of the tick test of Rule 10a-1 and NASDAQ's bid-price test to help the SEC determine whether these rules were effective, and if they are needed going forward. Based on our empirical results, we argued at a Roundtable organized by the SEC (September 15, 2006) that price-tests distort short-sale order flow, and that removing them results in more natural order flow patterns. We also argued that the effects of suspending price-tests on market quality for Pilot stocks were limited, and therefore the pricetests could safely be suspended permanently.
In conjunction with the Roundtable, the SEC's Office of Economic Analysis released a research report (SEC (2006) 
Table I Sample Selection
The sample includes all NYSE and NASDAQ listed stocks that are part of the Russell 3000 index on June 30, 2004, and are still part of the index as of June 30, 2005. Stocks that change listing venue, go private, are involved in a merger or an acquisition, or change ticker during the period are excluded. NASDAQ Small Cap stocks and stocks with a price exceeding $100 or an average quoted spread exceeding $1.00 for February 1 to April 30, 2005 are also excluded. To avoid undue influence of the open, we exclude the data from 9:30-10:00am. Pilot Stocks are stocks that were designated as Pilot A securities by Reg SHO. All other NYSE and NASDAQ listed Russell 3000 index stocks are labeled Control Stocks. The Diff-Diff column reports the post-period dummy variable coefficient from a timeseries regression of the difference between Pilot and Control stocks for each variable on an intercept (not reported) and the post-period dummy. An asterisk (two asterisks) indicates 5% (1%) significance level. We compute significance using Newey-west (1987) standard errors with 20 lags except for the short interest variable. Relative Short-sales is the number of short-sold shares divided by daily trading volume. Short Interest is based on monthly observations and Pre (Post) for short interest denotes the cross-sectional average of each stock's time-series average during February, March and April (May, June and July). Diff for Short Interest reports the difference in the cross-sectional average of each stock's time series average during the "Post" and "Pre" period. Diff-Diff for Short Interest reports the difference between Diff for Pilot and Control stocks. We run the following pooled regression of daily returns (in %) on announcement window and event window dummy variables and pilot stock interactions by exchange using the data from July 26, 2004 to May 4, 2005: R i,t = a + b 1 ·ANN + b 2 ·ANN·Pilot + b 3 ·EVENT + b 4 ·EVENT·Pilot + ε i,t . ANN (EVENT) is a dummy variable that equals one if the date is in between July 26, 2004 and July 30, 2004 (April 28, 2005 and May 4, 2005 , inclusive, and zero otherwise. Pilot is a dummy variable that equals one if a given stock is Pilot stock, and zero otherwise. The regressions cluster standard errors by both day and stock to control for both cross-correlation and serial correlation (Thompson 2006) . In Panel A (Panel B), Pilot column reports average returns for pilot stocks during the announcement (event) window, a+b 1 +b 2 (a+b 3 +b 4 ), Control column reports the same measures for control stocks, a+b 1 (a+b 3 ), and Diff column reports the difference between the two, b 2 (b 4 ). An asterisk (two asterisks) indicates 5% (1%) significance level. We compute significance using Newey-west (1987) standard errors with 20 lags. Daily Quote Range is the difference between the highest quote and the lowest quote on a given day divided by the highest quote. Close-Close (Open-Close) volatility is the square of daily returns based on closing prices (closing to next day opening price). Daily Traded Price Range is similarly computed with daily quote range but based on the CRSP daily traded price. Positive (up) semi-variance is calculated as (1/N)Σ max[0,log(x t /x t-k )] 2 and the negative (down) semi-variance is calculated as (1/N)Σ min[0,log(x t /x t-k )] 2 where N is the number of observations, and x t is a daily closing price from CRSP. An asterisk (two asterisks) indicates 5% (1%) significance level. We compute significance using Newey-west (1987) standard errors with 20 lags. Quoted depth is cumulative depth at the NBBO. Relative biddepth is defined as 100*(bid-depth -ask-depth)/(ask-depth+bid-depth). Buy-Imbalance is daily buys minus sells, where buys and sells are defined as in Lee and Ready (1991) Stocks are sorted into quintile portfolios based on the market capitalization at the end of year 2004, price at the beginning of sample period, average volatility over the sample period, or average turnover over the sample period. Relative bid-depth is defined as 100*(bid-depth -ask-depth)/(ask-depth+bid-depth). Buy-Imbalance is daily buys minus sells, where buys and sells are defined as in Lee and Ready (1991) each observation by the number of seconds that it was in force. Volume-weighted statistics weigh each observation by the number of shares in the trade. In the column "Diff-Diff" -"small/low" ("large/high") we report the post-period dummy variable coefficient from the regression of differences of each variable between Pilot and Control stock portfolios in the lowest (highest) quintile on intercept (not reported) and the post-period dummy, where the post-period dummy equals one from May 2, 2005 to July 31, 2005 and zero otherwise. F reports the SUR test of equality between the coefficients from the lowest and highest quintile portfolios. An asterisk (two asterisks) indicates 5% (1%) significance level. We compute significance using Newey-west (1987) Stocks are sorted into quintile portfolios based on the market capitalization at the end of year 2004, price at the beginning of sample period, average volatility over the sample period, or average turnover over the sample period. Volatility measuresis based on trade price: trade-based (trade -to -trade) price., bid-quote based (bid to bid), and offer-quote based (offer to offer). Positive (up) semi-variance is calculated as (1/N)Σ max[0,log(x t /x t-k )] 2 and the negative (down) semi-variance is calculated as (1/N)Σ min[0,log(
Pilot
where N is the number of observations, and x t is a daily closing price from CRSP. Volatility (k-min return) is based on mid-quotes with k-minutes (k=5,10,15) intervals. In the column "Diff-Diff" -"small/low" ("large/high") we report the post-period dummy variable coefficient from the regression of differences of each variable between Pilot and Control stock portfolios in the lowest (highest) quintile on intercept (not reported) and the post-period dummy, where the post-period dummy equals one from 2 y-min returns * (x/y))/σ 2 x-min returns )-1. The Diff column shows the cross-sectional average of differences in variance ratios between the Pre-period and the Post-period. The Diff-Diff column shows the difference in the difference of the variance ratios of pilot and control stocks. An asterisk (two asterisks) indicates 5% (1%) significance level. Types of short-sales that are exempt from short-sale rules include certain odd-lot short sales, certain sales by registered specialists or market makers, certain sales necessary to equalize prices on a non-primary market with the primary market, certain sales in special arbitrage accounts, and certain sales by underwriters (see SEC Rule 10a-1 section e (3), (4), (5), (6), (7), (8), (9), and (10)).
viii Ferri, Christophe, and Angel (2004) argue that the NASDAQ bid-price test is not effective and does not curtail short-selling activity.
ix
The bid test has been re-approved annually as a temporary rule ever since (SEC (2006)).
x Rule 10a-1 uses a tick-test based on the consolidated transaction reporting system as a default, but permits each market center to use its own tape as the reference for Short Sale
Compliance provided that this is a real-time reporting system. xi These include: odd lot transactions that change the market maker's position by less than a unit of trading; domestic arbitrage; and international arbitrage. The SEC has also granted exemptive relief for certain eligible Volume Weighted Average Price (VWAP) transactions, exchange traded funds, and certain short sales executed at the closing price in after-hours crossing sessions.
xii Angel (1997) We are grateful to our referee for suggesting this approach.
